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Abstract 

Hadronic decays of the P-wave spin-triplet charmonium states Xcj(J = 
0, 1, 2) are studied using a sample of ip(2S) decays collected by the BES detec- 
tor operating at the BEPC storage ring. Branching fractions for the decays 
Xd - K° s K+ir- + c.c, xco - K° S K°, X c2 - K°K°, Xc0 - <M>, X c2 - <M> 
and Xcj — ► K + K~ K + K~ are measured for the first time, and those for 
XcJ -»■ 7T + 7r~7r+7r~, XcJ -> TT+ir-K+R-, XcJ -»■ tt + tt~pp and XcJ -»■ 3(7r+7r _ ) 
are measured with improved precision. In addition, we determine the masses 
of the Xco and rj c to be M Xc0 = 3414.1 ± 0.6(stat) ± 0.8(sys) MeV and 



M Vc = 2975.8 ± 3.9{stat) ± 1.2(«ys) MeV. 
PACS numbers: 13.25.Gv, 14.40.Gx 
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I. INTRODUCTION 



The P-wave spin-triplet charmonium states were originally observed [[!) in radiative de- 
cays of the ip(2S) soon after the discovery of the J/ip and ip(2S) resonances. A number 
of decay modes of these states have been observed and branching fractions reported [0. 
Most of the existing results are from the Mark I experiment, which had a data sample of 
0.33 million ip(2S) decays ||. Because the photon capabilities of the Mark I detector were 
limited, the detection of the photon from the ip(2S) — > "fXcj process was not required, and 
one constraint kinematic fits were used to reconstruct the final states. 

Recently there has been a renewed interest in the P-wave charmonium states. Since in 
lowest-order perturbative QCD the Xco and Xc2 decay via the annihilation of their constituent 
cc quarks into two gluons, followed by the hadronization of the gluons into light mesons and 
baryons, these decays are expected to be similar to those of a bound gg state; a detailed 
knowledge of the hadronic decays of the Xco an d Xc2 m ay provide an understanding of the 
decay patterns of glueball states that will help in their identification. 

The mass differences between the three Xc states provide information on the spin-orbit 
and tensor interactions in non-relativistic potential models and lattice QCD calculations. 
The masses of the Xci and Xc2 have been precisely determined (to a level of ~ ±0.12 MeV) 
by Fermilab experiment E760 [|j] using the line shape measured in the pp — > x&,2 formation 
reaction. In contrast, the Xco mass is much more poorly known; the PDG average for M Xc0 
has an uncertainty of ±2.8 MeV ||. 

In this paper, we report the analyses of all-charged-track final states from Xcj decays, 
including 7r + 7r~7r + 7r~, tt + tt~K + K~ , 7r + 7r~pp, K + K~K + K~, K®K + tt~ + cc. and 3(7r + 7r~). 
The results for Xcj decays into 7r + 7r~, K + K~ and pp have been reported elsewhere [Q. 
We use the combined invariant mass distribution from all of the channels under study to 
determine the Xco mass with improved precision. 

A byproduct of this analysis is a determination of the mass of the r\ c . This is of interest 



because the Mj/^ — M Vc mass difference measures the strength of the hyperfine splitting term 
in heavy quark interactions. However, in spite of a number of measurements, the current 
experimental value of M Vc remains ambiguous: the PDG || average is based on a fit to 
seven measurements with poor internal consistency |6|-f| and the confidence level of the fit 
is only 0.001. A recent measurement from E760 disagrees with the value reported by 
the DM2 group [7j by almost four standard deviations. Additional measurements may help 
clarify the situation. 

The data used for the analysis reported here were taken with the BES detector at the 
BEPC storage ring at a center-of-mass energy corresponding to M^^s)- The data sample 
corresponds to a total of (3.79 ± 0.31) x 10 6 ip(2S) decays, as determined from the observed 
number of inclusive ip(2S) — > it + n~ J/ip decays 0. 



II. THE BES DETECTOR 



BES is a conventional solenoidal magnet detector that is described in detail in Ref. |10 
A four-layer central drift chamber (CDC) surrounding the beampipe provides trigger infor- 
mation. A forty-layer cylindrical main drift chamber (MDC), located radially outside the 
CDC, provides trajectory and energy loss (dE/dx) information for charged tracks over 85% 



of the total solid angle. The momentum resolution is <J p /p = 0.017^1 + p 2 (p in GeV/c), 
and the dE/dx resolution for hadron tracks is ~ 11%. An array of 48 scintillation counters 
surrounding the MDC measures the time-of-flight (TOF) of charged tracks with a resolution 
of ~ 450 ps for hadrons. Radially outside of the TOF system is a 12 radiation length thick, 
lead-gas barrel shower counter (BSC) operating in the limited streamer mode. This device 
covers ~ 80% of the total solid angle and measures the energies of electrons and photons 
with an energy resolution of cte/E = 22%/\^E (E in GeV). Outside the BSC is a solenoid, 
which provides a 0.4 Tesla magnetic field over the tracking volume. An iron flux return is 
instrumented with three double layers of counters that identify muons of momentum greater 
than 0.5 GeV/c. 



III. MONTE CARLO 



We use Monte Carlo simulated events to determine the detection efficiency (e) and the 
mass resolution (cr res ) for each channel analyzed. The Monte Carlo program (MC) generates 
events of the type ip(2S) — > 7Xcj under the assumption that these processes are pure El 



transitions HO]: the photon polar angle distributions are l + cos 2 ^ (Xco), 1 — | cos 2 # (xd) 
and 1 + ^ cos 2 9 (Xc2)- Multihadronic Xcj decays are simulated using phase space distri- 
butions. For each channel, either 10000 or 5000 events are generated, depending on the 
numbers of events for the corresponding mode that are observed in the data sample. 



IV. EVENT SELECTION 



A. Photon Identification 



A neutral cluster is considered to be a photon candidate when the angle in the xy 
plane between the nearest charged track and the cluster is greater than 15°, the first hit 
is in the beginning 6 radiation lengths, and the difference between the angle of the cluster 
development direction in the BSC and the photon emission direction is less than 37°. When 
these selection criteria are applied to kinematically selected samples of ip(2S) ~^ 7i + 7t~7t + tt~ 
and '0(25') — > 7t + 7t~K + K~ events, fewer than 20% of the events have 7 candidates, which 
indicates that the fake-photon rejection ability is adequate (see Fig. p. The number of 
photon candidates in an event is limited to four or less. The photon candidate with the 
largest energy deposit in the BSC is treated as the photon radiated from ip{2S) and used in 
a four-constraint kinematic fit to the hypothesis if)(2S) — > 7 + charged tracks. 



B. Charged Particle Identification 



Each charged track is required to be well fit to a three-dimensional helix and be in the 
polar angle region | cos9mdc\ < 0.8. For each track, the TOF and dE/dx measurements 
are used to calculate x 2 values and the corresponding confidence levels to the hypotheses 
that the particle is a pion, kaon and proton (Prob n , Probx, Prob p ). The reliability of the 
confidence level assignments is verified using a sample of ip(2S) — > 7i + 7i~J/tp, J/tp — > pn and 
J/i/j — > K + K~~ events, where the particle identification confidence levels (ProbID) of the 
tracks in different momentum ranges are found to be distributed uniformly between zero and 
one as expected (T^]. Typically the ProbID value of each track for a given decay hypothesis 
is required to be greater than 1% in our analysis. 

C. Event Selection Criteria 

For all decay channels, the candidate events are required to satisfy the following selection 
criteria: 

1. The number of charged tracks is required to be four or six with net charge zero. 

2. The maximum number of neutral clusters in an event is eight, and the number of 
photon candidates remaining after the application of the photon selection is required 
to be four or less. 

3. The sum of the momenta of the lowest momentum 7r + and 7r~ tracks is required to be 
greater than 550 MeV; this removes contamination from ip(2S) — > 7i + 7i^J/ip events. 

4. The x 2 probability for a four-constraint kinematic fit to the decay hypothesis is greater 
than 0.01. 

5. The particle identification assignment of each charged track is ProbID > 0.01. 



1. 7 7r+7r 7r + 7r and jtt + tt K + K 

A combined probability of the four-constraint kinematic fit and particle identification 
information is used to separate 77r + 7r~7r + 7r~ and the different particle assignments for the 
77r + 7r~ K + K~ final states. This combined probability, Prob a u, is defined as 

Prob a u = Prob(xln, ndf^), 

where XqM * s the sum of the \ 2 values from the four-constraint kinematic fit and those from 
each of the four particle identification assignments, and udf^ is the corresponding total 
number of degrees of the freedom used in the \ 2 determinations. The particle assignment 
with the largest Prob a u is selected, and further cuts on the kinematic fit probability and 
particle identification probability are imposed. 

Figure ^| shows a scatterplot of 7r + 7r~ vs 7r + 7r~ invariant masses for events with a 
7r + 7T - 7r + 7r~ mass between 3.2 and 3.6 GeV. The cluster of events in the lower left-hand 
corner indicates the presence of a K®K® signal. A fit of a Gaussian function to the tt + tt~ 
mass distribution gives a peak mass at 499.3 ±1.2 MeV and a width a = 11.8 ±1.0 MeV that 
is consistent with the MC expectation for the mass resolution. We select ^K^K® candidates 
by requiring the mass of both 7r + 7r~ combinations in the event to be within ±2er of the 
nominal mass. 

The invariant mass distributions for the 7r + 7r~7r + 7r~, 7r + 7r~ K + K~ and K®K® events 
that survive all the selection requirements are shown in Figs. 0, |] and [5[ There are peaks 
corresponding to the Xcj states in each of the plots. (The high mass peaks in Figs. |3] and ^ 
correspond to the ip{2S) decays to all charged tracks final states that are kinematically fit 
with a fake low-energy photon.) 

We fit the 7r + 7r~7r + 7r~, 7i + 7T~K + K^ or K®K® invariant mass distribution between 3.20 
and 3.65 GeV with three Breit-Wigner resonances convoluted with Gaussian mass resolution 
functions and a linear background shape using an unbinned maximum likelihood method. In 



the fit, the mass resolutions are fixed to their MC-determined values and the widths of the 
Xd and Xc2 are fixed to the PDG average values of of 0.88 and 2.00 MeV M, respectively. 
The results of the fit are listed in Table | and shown in Figs. || f| and |5|. Table | also lists 
the MC-determined efficiencies and mass resolutions. 

2. JTT + TT~pp 

If one of the four tracks is identified as a proton or antiproton, the event is assumed 
to be , ~fTT + TT~pp. We assign probabilities to the remaining particle assignment using the 
same technique that was used for tt + tt~ K + K~ decays; the combination with the highest 
probability is selected. 

The n + 7r~pp invariant mass distribution for the selected events is shown in Fig. |6|. Here 
clear signals for all three XcJ states are apparent. We fit the mass spectrum using the same 
method described in the previous section; the results are listed in Table |T| and shown as the 
smooth curve in Fig. |6|. 

3. "iK+K-K+K- 

For the case where all the tracks are kaons, the contamination from 7i + 7i^J/ip is not an 
important background, and the requirement on total momentum of the lowest momentum 
7r + and 7r~ tracks, which is aimed at removing these events, is not used. The K + K~K + K~ 
invariant mass distribution is shown in Fig. [7]. 

Figure |8] shows a scatterplot of K + K~ vs K + K~ invariant masses for the events with 
K + K~ K + K~ mass between 3.2 and 3.6 GeV. The concentration of events in the lower left- 
hand corner of the plot indicates the presence of (fxp final states. A fit to the K + K~ mass 
distribution with a Gaussian function gives a peak mass of 1021.9 ± 0.8 MeV and a width 
a = 5.3 ±0.6 MeV, consistent with MC expectations. Events where the mass of two K + K~ 



combinations are in the range 0.99 < Mk+k- < 1-05 GeV are identified as 700 candidates. 
The (fxp mass distribution for these events is shown in Fig. |9|, where there are clear signals 
for the Xco and \c2- 

The K + K~K + K~ mass and 00 mass plots are fitted with three Breit-Wigner resonances 
and two Breit-Wigner resonances, respectively, as described previously. The results of the 
fit are listed in Table |T| and are shown as smooth curves in Figs. |7| and || 



Because of the large fraction of (jxj) intermediate events observed in the K + K~K + K~ 
mode and the significant difference between the detection efficiency for phase-space events 
and those coming from (jxp decays, the detection efficiency for the Xco and Xc2 — * 
K + K~K + K~ channels is a weighted average of the phase space and 00 efficiency. The 
detection efficiencies and mass resolutions are listed in Table |TJ. 



I jK»K + it- + c.c. 



The Xc.j KgK + 7r~ + c.c. decay channels have serious potential backgrounds from 
77r + 7r~7r + 7r~ (including ^K^Kg) and r y7r + 7r~K + K~ final states. To eliminate these back- 
grounds, we exploit the feature that there is one and only one K® with a secondary vertex 
in real K®K + n~ + c.c. events. 

In each event, we determine NKSHORT, the number of two charged track combinations 
with net charge zero and effective mass within ±200 MeV of M K o, when the tracks are 
assigned a pion mass. The combination with mass closest to M K o is considered to be a K® 
candidate. The K® vertex is defined as the point of closest approach of these two tracks; the 
primary vertex is defined as the point of closest approach of the other two charged tracks 
in the event. Two parameters are used to identify the K®: the distance between primary 
vertex and secondary vertex in the xy plane, L xy , and the cosine of the angle between the 
Kg momentum vector and its vertex direction CSKS, which is expected to be very near 
unity for a real K® event. 



Candidate ^K^K + ti +c.c. events are selected by requiring the mass of the K® candidate 
determined from the track four-vectors returned by the 4C-fit to be within ±2cx (i.e. ± 
28MeV) of the nominal K° mass, NKSHORT = 1, L xy > 5 mm, and CSKS > 0.98. In 
the invariant mass distribution of the selected events, shown in Fig. |H], only a Xci signal 
is prominent. The MC simulation indicates that the numbers of events in the the Xco and 
Xc2 mass region are consistent with residual backgrounds from 77r + 7r~7r + 7r~ , ^K^K® and 
~/7t + 7t~K + K~ final states. We set upper limits on the branching fractions of Xco and Xc2- 

The K®K + ir~ + c.c. invariant mass distribution between 3.20 and 3.65 GeV are fitted 
with the procedure described above. The mass resolutions are fixed at their MC-determined 
values, the width of the Xco is fixed at the recent BES value of 14.3 MeV || and those of 
the Xci arid Xc2 at their PDG values ||. The mass of the three Xc states are also fixed at 
their PDG values. The fit results are listed in Table [TV] and are shown as a smooth curve 
in Fig. 0. 



5. j3(tt + it ) 



After the selections based on the kinematic fit and particle ID, the main background 
to the Xcj —>■ 3(7r + 7r~) decays comes from the decay chain ip(2S) — ► 7r + 7r~ J/ip, J/tp — > 
77r + 7r~7r + 7r~. The requirement on the total momentum of the lowest momentum ir + and 7r~ 
tracks removes one third of the MC-simulated events while rejecting almost all the tt + h~J/iI) 
background. 



The 3(7r + 7r ) invariant mass distribution for the selected events is shown in Fig. IT, where 



prominent signals for all three Xcj states can be seen. The smooth curve in the figure is the 
result of the fitting procedure described above. The results of the fit and the MC-determined 
efficiencies and resolutions are listed in Table 0. 



V. BRANCHING FRACTION DETERMINATION 



We determine branching fractions from the relation 

n obs /s{xc.j -> X) 



B( X cj - X) 



N^ 2S) B^{2S)^ 1X cjy 
where the values for B(ip(2S) — > 7Xcj) are taken from the PDG tables 0. For the K®K® 
channel, a factor of B(K® — > 7r + 7r~) 2 [#(</> — > fT+K - ) 2 ] is included in the denominator. 



A. Systematic errors 



Systematic errors common to all modes include the uncertainties in the total number 
of ip{2S) events (8.2%) and the ip(2S) -> JXcj branching fractions (8.6%, 9.2% and 10.3% 
for Xco, Xci an d Xc2, respectively). Other sources of systematic errors were considered. The 
variation of our results for different choices of the selection criteria range from 10% for 
high statistics channels to 25% for those with low statistics. The systematic errors due to 
the statistical precision of the MC event samples range from 2% to 5% depending on the 
detection efficiencies of the channels. Changes in the detection efficiency when the phase 
space event generator is replaced by one using possible intermediate resonant states indicate 
that the systematic error on the efficiency due to the unknown dynamics of the decay 
processes is 15%. The variation of the numbers of observed events due to shifts of the mass 
resolutions and the total widths of the Xcj states is 7%; that coming from changes in the 
shape used for the background function is less than 5%. The total systematic error is taken 
as the quadrature sum of the individual errors and ranges from 25% to 35%, depending on 
the channel. 



B. Branching fraction results 



The branching fraction results are listed in Table |Vl, where all BES results for Xcj 
branching fractions are given, including those for the two-charged track modes reported 



in Ref. M. In each case, the first error listed is statistical and the second is systematic. 
For comparison, we also provide the previous world averages for those channels when they 
exist @. 

Our branching fractions for Xci — > K®K + ir~+c.c, Xco —> K^K^, Xc2 —>■ K^K^, Xco 
Xc2 4>4> and Xcj — * K + K~K + K~ (J=0,l,2) are the first reported measurements for these 
decays. The results for Xco and Xc2 — > K®K® are in agreement with the isospin prediction 
of the Xcj decays compared with the corresponding K + K~ branching ratios. 

For the other decay modes, signals with large statistics are observed and the correspond- 
ing branching fractions are determined with precisions that are significantly better than 
those of existing measurements. Note that our results are consistently lower than the pre- 
vious measurements, sometimes by as much as a factor of two or more. We can find no 
obvious explanation for these discrepancies. 



VI. DETERMINATION OF M Xco AND M Vc 



We determine M Xc0 by fitting the combined invariant mass distribution of all of the 
channels discussed above to three resolution-broadened Breit-Wigner functions with the 
resolution fixed at the value of 13.8 MeV, which is determined from fits to the Xci an d Xc2, 
and the total widths of the Xci an d Xc2 fixed at the PDG values 0. The masses of all three 
Xcj states and the total width of the Xco are left as free parameters. The results of the fit for 
M Xcl (3509.4 ± 0.9 MeV) and M Xc2 (3556.4 ± 0.7 MeV) agree with the PDG values within 
errors. The fit value for M Xc0 is 3414.1 ± 0.6 MeV, where the error is statistical. The fit 
gives a total width for the Xco that is in good agreement with the recently reported BES 
result M. 



Figure |12| shows the combined invariant mass distribution for the 7r + 7r~7r + 7r~, 
7t + tt~K + K~ , K + K~K + K~ , and K®K + it~ + c.c. channels in the region of the T] c , where an r] c 
signal is evident. Superimposed on the plot is a fit to the spectrum using a resolution-smeared 



Breit-Wigner line shape with a mass that is allowed to vary, a total width fixed at the PDG 
value of T Vc = 13.2 MeV ||, and a fourth-order polynomial background function. The fit 
gives a total of 63. 5± 14.4 events in the peak and has a \ 2 jdoj = 97.4/92, which corresponds 
to a confidence level of 27.9%. The mass value from the fit is M x = 2975.8 ± 3.9 MeV, 
where the error is statistical. (A fit with only the background function and no r] c has a 
confidence level of 0.8%.) 

The systematic error on the mass determination includes a possible uncertainty in the 
overall mass scale (±0.8 MeV), which is determined from the rms average of the differences 
between the fitted values for M Xcl and M Xc2 and their PDG values. The systematic errors 
associated with uncertainties is the particle's total widths and the experimental resolutions 
(±0.95 MeV for M Vc and less than ±0.2 MeV for M Xc0 ) are added in quadrature. The 
resulting masses and errors are: 

M Xc0 = 3414.1 ± 0.6(stat) ± 0.8(sys) MeV, 

and 

M Vc = 2975.8 ± 3.9(stat) ± 1.2 (sys) MeV. 

The precision of our M Xc0 measurement represents a substantial improvement on the existing 
PDG value of 3417.3 ± 2.8 MeV @. Our result for M Vc agrees with the DM2 group's value 
of 2974.4 ± 1.9 MeV |7] and is 2.4 standard deviations below the E760 group's result of 
2988.3l|? MeV f§. 

VII. SUMMARY 

Events of the type ip(2S) — > JXcj in a 3.79 x 10 6 ip(2S) event sample are used to 
determine branching fractions for \cJ decays to four and six charged particle final states. 
Our results for K®K + -k~ + c.c, K®K®, <jxp, and K + K~K + K~ are the first measurements 
for these decays. The branching fractions for Xcj ~~ > 7r + 7r~7r + 7r~, tt + tt~ K + K~ , 7T + 7T~pp, and 



3(7r + 7r ) final states are measured with better precision and found to be consistently lower 
than previous measurements. M Xc0 and M Vc were determined using the same data sample. 
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FIG. 1. The distribution of the number of photon candidates found in ip(2S) 
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and 4>(2S) — > 7r + 7r K + K events. 
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FIG. 2. A scatterplot of tt + tt~ vs it + it~ invariant masses for selected jtt + tt~tt + 7t~ events (two 
entries per event). 
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FIG. 3. The 7r + 7r~7r + 7r~ invariant mass distribution. The smooth curve is the result of a fit 
described in the text. 
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FIG. 4. The tt + tt~K + K~ invariant mass distribution. The smooth curve is the result of a fit 
described in the text. 
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FIG. 5. The Kg Kg invariant mass distribution. The smooth curve is the result of a fit described 
in the text. 
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FIG. 6. The tt + tt pp invariant mass distribution. The smooth curve is the result of a fit 
described in the text. 
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FIG. 7. The K + K~ K + K~ invariant mass distribution. The smooth curve is the result of a fit 



described in the text. 
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FIG. 8. A scatterplot of K + K~ vs K + K~ masses from selected ~/K + K~K + K~ events (two 
entries per event). 
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invariant mass distribution. The smooth curve is the result of a fit described 
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FIG. 10. The KgK + n~ + c.c. invariant mass distribution. The smooth curve is the result of a 
fit described in the text. 
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FIG. 11. The 3(7r + 7r ) invariant mass distribution. The smooth curve is the result of a fit 
described in the text. 
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FIG. 12. The four charged track invariant mass distribution for selected events in the r\ c mass 
region. The superimposed curve is the result of the fit described in the text. 



TABLES 

TABLE I. Fit results for X cj tt+it-tt+it- , it+it-R+R- and K°K° decays. 



Channel 


n obs 


e (%) 


a res (MeV) 


XcO -»■ vr + 7r _ 7r + 7r _ 


874 ± 30 


16.06 


15.1 


Xci — ► vr + 7r _ 7r + 7r _ 


277 ± 19 


17.06 


15.6 


Xc2 - ► 7r + 7r _ 7r + 7r _ 


425 ± 21 


15.09 


13.4 


XcO - *M 


49.3 ± 7.0 


15.16 


10.9 


Xc2 - 


11.7 ±3.2 


13.92 


9.4 




587 ± 27 


11.32 


14.4 


Xci — ► vr+vr^i^+K - 


192 ± 16 


12.91 


15.3 


Xc2 — ► 7T + 7r _ i^ + i<' _ 


267 ± 18 


11.42 


15.1 



TABLE II. Fit results for Xcj — > k + tt pp decays. 



Channel 


n obs 


£(%) 


a res (MeV) 


XcO 


81 ±10 


14.62 


13.9 


Xci 


27.1 ±6.9 


16.72 


14.3 


Xc2 


50.9 ±8.1 


13.98 


13.0 



TABLE III. Fit results for X cj -»• K + K~K + K~ and 00 decays. 



Channel 




e (%) (PS/00) 


cr res (MeV) 


XcO K+K-K+K- 


57.8 ±6.9 


7.38/10.06 


15.4 


Xd - K+K-K+K- 


11.7 ±4.2 


8.52/no 


15.2 


Xc2 - K+K-K+K- 


36.6 ±5.9 


7.64/9.76 


14.7 


XcO -> 00 


7.6 ±2.8 


9.78 


8.9 


Xc2 -> 00 


13.6 ±3.7 


9.54 


10.8 



TABLE IV. Fit results for Xcj — ► KgK + ir +c.c. decays. The upper limits are 90% confidence 
level values. 



Channel 


n obs 


£(%) 


a res (MeV) 


XcO 


< 8.5 


4.94 


10.3 


Xcl 


31.4 ±5.6 


5.64 


14.2 


Xc2 


< 10.6 


4.93 


14.7 



TABLE V. Fit results for X cj 3(7r + vr-) decays. 



Channel 


n obs 


e(%) 


a res (MeV) 


XcO 


191 ± 16 


4.62 


15.8 


Xcl 


98 ± 12 


5.20 


15.0 


Xc2 


112 ± 12 


4.23 


14.7 



TABLE VI. The Xcj hadronic decay branching frac- 

tions, determined using B{ip{2S) -> 7x c o) = (9.3 ± 0.8)%, B(ip(2S) -> jxa) = (8.7 ± 0.8)% 
and B(tp(2S) -> 7 x c2 ) = (7.8 ± 0.8)%. 



Channel 


n o6s 


Branching Ratio 


World Average 


XcO tt+vt" 

Xc2 ~> 7T + 7r" 


720 ± 32 
185 ± 16 


(4.68 ±0.26 ±0.65) x 10~ 3 
(1.49 ±0.14 ±0.22) x 10" 3 


(7.5 ±2.1) x 10~ 3 
(1.9 ± 1.0) x 10~ 3 


Xco - ^ + ^~ 


774 ± 38 
115 ± 13 


(5.68 ±0.35 ±0.85) x 10" 3 
(0.79 ±0.14 ±0.13) x 10~ 3 


(7.1 ±2.4) x 10" 3 
(1.5 ± 1.1) x 10~ 3 


XcO -> 
Xcl -> 
Xc2 


15.2 ±4.1 
4.2 ±2.2 
4.7 ±2.5 


(15.9 ±4.3 ±5.3) x 10~ 5 
(4.2 ±2.2 ±2.8) x 10~ 5 
(5.8 ±3.1 ±3.2) x 10" 5 


< 9.0 x 10~ 4 
(8.6 ± 1.2) x 10~ 5 
(10.0 ± 1.0) x 10~ 5 


XcO ~> 7T + 7r~7r+7r~ 
Xcl - ► 7r + 7r~7T + 7T~ 
Xc2 — ► 7r + 7r~7T + 7T~ 


874 ± 30 
277 ± 19 
425 ± 21 


(15.4 ±0.5 ±3.7) x 10~ 3 
(4.9 ± 0.4 ± 1.2) x 10~ 3 
(9.6 ±0.5 ±2.4) x 10~ 3 


(3.7 ±0.7) x 10~ 2 
(1.6 ±0.5) x 10~ 2 
(2.2 ±0.5) x 10~ 2 


XcO - 


49.3 ± 7.0 
11.7 ±3.2 


(1.96 ±0.28 ±0.52) x 10~ 3 
(0.61 ±0.17 ±0.16) x 10~ 3 




XcO 7T + 7r~if + iif~ 

Xcl — * TT + TT~ K + K~ 
Xc2 — ► TT + TT~K + K~ 


587 ± 27 
192 ± 16 
267 ± 18 


(14.7 ±0.7 ±3.8) x 10~ 3 
(4.5 ± 0.4 ± 1.1) x 10~ 3 
(7.9 ±0.6 ±2.1) x 10~ 3 


(3.0 ±0.7) x 10~ 2 

(9 ± 4) x 10~ 3 
(1.9 ±0.5) x 10~ 2 


XcO -> TT + TT~pp 

Xcl -> ir + ir-pp 
Xc2 ->■ ir + ir-pp 


81 ± 11 
27.1 ±6.9 
50.9 ±8.1 


(1.57 ±0.21 ±0.54) x 10~ 3 
(0.49 ±0.13 ±0.17) x 10~ 3 
(1.23 ±0.20 ±0.35) x 10~ 3 


(5.0 ±2.0) x 10~ 3 
(1.4 ±0.9) x 10~ 3 
(3.3 ± 1.3) x 10~ 3 


Xco - K+K-K+K- 
Xci -» K+K-K+K' 
Xc2 -» K+K-K+K- 


57.8 ±6.9 
11.7 ±4.2 
36.6 ±5.9 


(2.14 ±0.26 ±0.40) x 10~ 3 
(0.42 ±0.15 ±0.12) x 10~ 3 
(1.48 ±0.26 ±0.32) x 10~ 3 




XcO # 


7.6 ±2.8 


(0.92 ±0.34 ±0.38) x 10~ 3 





J. JL 

Xc2 W 


13. b ± d.7 


(2.00 ± (J. 55 ± 0.61) x 10 




XcO KgK + TT + c.c. 


< 8.5 


< 0.71 x 10 




v i — ► K°K + ir~ + c c 


31.4 ± 5.6 


(2 46 + 44 + 651 x 10~ 3 




Xc2 -» K° S K+TT- + C.C. 


< 10.6 


< 1.06 x 10~ 3 




Xco 3(vr + 7r-) 


191 ± 16 


(11.7 ± 1.0 ±2.3) x 10" 3 


(1.5 ±0.5) x 10~ 2 


Xci 3(vr + 7r") 


98 ±12 


(5.8 ± 0.7 ± 1.2) x 10~ 3 


(2.2 ±0.8) x 10~ 2 


X C 2 -> 3(vr + 7r") 


112 ± 12 


(9.0 ±1.0 ±2.0) x 10~ 3 


(1.2 ±0.8) x 10~ 2 



